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I. Introduction 
In 1959 A.D. Code and T.E. Houck  proposed  to  NASA  that  the Space 
Astronomy Laboratory undertake  a  program of astronomical photography 
from  the X-15 aircraft. The purpose of this  program was to obtain 
measurements of stellar brightness in the spectral region between 1800 
and 3200 angstroms, which cannot  be  observed  from  the ground, but  is 
accessible at moderate heights, above the ozone layer. In  preparation 
for  the  photographic program, M.S. Burkhead  measured the brightness of 
the  daytime sky up to 350,000 feet with a two-channel photoelectric 
photometer  mounted in a  fairing  behind  the  pilot's  compartment on the 
X-15. One channel recorded the visible region of the spectrum, while 
the second  channel  measured the sky  brightness  in  a  region  approximately 
600 A wide, centered at X2500. A  Nortronics Corporation report (Clark 
and Muldoon, 1963) describes  the  data  from  the visual channel. Analysis 
of the ultraviolet data forms part of Burkhead's doctoral thesis  (1964) 
and  has not  been  otherwise published. 
Test flights with the cameras  began in 1965, and at the same time 
a  spectrograph was added  in an attempt to obtain photographic  spectra 
of the ultraviolet  dayglow. This attempt was unsuccessful and  the 
spectrograph was converted to a  photoelectric  scanning  spectrometer with 
higher  sensitivity.  A  long  rainy season at Edwards AFB delayed  the 
program  until the summer of 1966, when four stars were photographed on 
two flights made August 3 and August 12. I have  determined  stellar 
brightnesses at an effective  wavelength of 2500 A for  three of these 
stars, a Aurigae, 3 Aurigae a n d p  Aurigae. In addition, the  two August 
flights  provide both photographic and photoelectric  measurements of the 
sky brightness. 
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S e c t i o n  I1 of  th i s  r epor t  desc r ibes  Burkhead ' s  1963  obse rva t ions  
and  summarizes  his results. S e c t i o n  I11 p r e s e n t s  t h e  results o f   t he  
s te l la r  photographic  program, and Sect ion IV dea l s  w i th  the  1966  
measurements of the dayglow. 
11. P h o t o e l e c t r i c   F i l t e r   P h o t o m e t r y   o f   t h e  Day Sky 
A.D. Code and W .  Reining designed the photometer ,  which is  shown 
i n  F i g u r e  1. The photometer   has   an  aper ture   of  4.1 cm2 and a f i e l d  o f  
view  of 4.7 x s t e r a d i a n s .  A l l  o p t i c s   a r e   S u p r a s i l   q u a r t z .  A f o l d -  
i n g  m i r r o r  l o c a t e d  o u t s i d e  t h e  f a i r i n g  on t h e  X - 1 5  r e f l e c t e d  s k y  l i g h t  
i n t o  t h e  o b j e c t i v e  l e n s  o f  t h e  p h o t o m e t e r  (see F igures  2 and  3),   and 
a n  i n t e r f e r e n c e  f i l t e r  r e f l e c t e d  par t  of t h e  beam i n t o  a 1P28 photo- 
mul t ip l i e r   t ube .   Th i s   de t ec to r   p rov ided   t he   v i sua l   da t a   fo r   t he   Nor t ron -  
i c s   C o r p o r a t i o n .  The remainder   of   the  beam p a s s e d   t h r o u g h   t h e   f i l t e r  
and onto the CsTe ca thode  of an ASCOP 541F "so lar  b l ind"  photo tube  
w i t h  a LiF window.  The r e l a t i v e  s e n s i t i v i t y  o f  t h e  u l t r a v i o l e t  c h a n n e l  
i s  shown i n  F i g u r e  4 .  
This photometer was c a r r i e d  t o  a peak a l t i t u d e  q f  273,000 fee t  on 
January  17,   1963  and  la ter ,  on August 2 2 ,  to   352 ,000   fee t .   Dur ing   each  
f l i g h t  t h e  l i n e  of s igh t  of  the  photometer  moved around the  sky  as  the  
a t t i t u d e  o f  t h e  X - 1 5  changed. The d a s h e d  l i n e s  i n  F i g u r e s  5 and 6 fo l low 
the   mot ion   of   the   photometer   po in t ing   in  time. In   bo th   cases ,   l aunch  
occurred  a t  126  seconds .  
Burkhead  de termined  the  absolu te  sens i t iv i ty  of  the  photometer  wi th  a 
NBS s t anda rd  lamp. The s k y   i n t e n s i t y   ( e r g s  cm s e c  ster ) observed a t  
v a r i o u s   h e i g h t s  i s  shown i n  F i g u r e  7. He  d e s c r i b e s  t h e s e  d a t a  as fol lows:  
-2  -1 -1 
"A sudden  increase  in  br ightness  above  35  km i s  due to  t h e  r e d u c t i o n  
i n  t h e  ozone   concent ra t ion .  I t  is  a b o v e   t h e   a l t i t u d e   o f   t h i s   k n e e   t h a t  
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t h e  t r u e  u l t r a v i o l e t  s k y  i s  seen. Most o f  t he  r ad ia t ion  obse rved  be low 
t h i s   a l t i t u d e  i s  r a d i a t i o n  longward. o f  3000 A. 
" A f t e r  t h e  p e a k  a l t i t u d e  had been reached on the August 22 f l i g h t ,  
t h e  u l t r a v i o l e t  c h a n n e l  s a t u r a t e d  u n t i l  t h e  a i r c r a f t  r e - e n t e r e d  t h e  o z o n e  
l a y e r .  During t h i s  t i m e  t h e   v i s u a l   c h a n n e l   e x h i b i t e d  two peaks.   Since 
the photometer worked perfectly on the  g round  bo th  be fo re  and  a f t e r  t he  
f l i g h t ,  and s i n c e  t h e  d a t a  a g r e e  well w i t h  d a t a  o f  t h e  o t h e r  f l i g h t  a n d  
t h e  upward l e g  o f  t h i s  f l i g h t ,  t h e  s a t u r a t e d  p o s i t i o n  i s  n o t  l i k e l y  t o  
be  due  to  malfunction  of  the  photometer.   There is t h e  d e f i n i t e  p o s s i b i l i t y  
that  even though the photometer i s  looking  some 40" f rom the  sun ,  so la r  
r a d i a t i o n  i s  be ing  sca t t e red  o f f  t he  mi r ro r  o r  mi r ro r  hous ing  in to  the  
photometer. The l i n e  o f  s i g h t  a t  t h e  f i r s t  peak i s  t h e  n e a r e s t  p o s i t i o n  
to   the   sun .  The second  peak i s  a l s o  n e a r  t h e  s u n ,  a l t h o u g h  t h e r e  i s  a 
c l u s t e r i n g  of  p o i n t s  a b o u t  t h i s  p o s i t i o n .  
"Another p o s s i b i l i t y  i s  tha t  t he  pho tomete r  ac tua l ly  saw  a ' c l o u d ' .  
Noct i lucent  c louds  are observed a t  a n  a l t i t u d e  o f  250,000 f t . "  
Burkhead a l s o  n o t e s  t h a t  ' I .  . . below  the  photometer  and  toward  the 
t a i l  is  t h e   A u x i l i a r y  Power Unit  (APU) exhaust .   Through  this   exhaust  
come the  waste products  of  the  burned  hydrogen  peroxide  gas  tha t  cont ro ls  
t h e  a i r c r a f t ' s  power systems.  With  the  photometer  looking some 63" 
above t h i s  e x h a u s t  no contaminat ion  of  the  observa t ions  i s  expected. 
Some contaminat ion  could  poss ib ly  occur ,  however ,  f rom the  reac t ion  con-  
t r o l s  mounted i n  t h e  n o s e  o f  t h e  a i r c r a f t . "  
To i n v e s t i g a t e  t h e  o r i g i n  of the observed sky intensi ty ,  Burkhead 
f i r s t  computed t h e  e x p e c t e d  R a y l e i g h  s c a t t e r i n g  o f  s u n l i g h t  i n  t h e  p a s s -  
band  of  the  photometer. When t h i s   p r o v e d   i n a d e q u a t e   t o   e x p l a i n   t h e  
observa t ions  he  concluded  tha t  an  emi t t ing  layer  probably  ex is ted  above  
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the X-15 and  the most likely  source of the  emission was fluorescence of 
the 02 molecule in  the  Schumann-Runge bands. Assuming  as  a  first 
approximation that all solar intensity in the  Schumann-Runge  bands  is 
absorbed (since  the atmosphere is opaque to  this  radiation below 30 km) 
and that  the absorption occurs from  the  ground state of the molecule, 
he computed the fluorescence spectrum shown in Figure 8. The values of 
the ordinate correspond to solar illumination over 4n steradians, so that 
the actual emission is the ordinate  value  multiplied by  5.42 x 10 . -6 
The sum of Rayleigh  scattering  and  O2  fluorescence  in the photo- 
meter passband  computed on the assumptions above is  shown in Figure 7.  
Burkhead then modifies  this  curve:  "Between 40 and 85 km the production 
of atomic oxygen increases by approximately  a  factor of ten . . . If 
the assumption is made that  absorption of solar  radiation by  the Schumann- 
Runge  bands increases by the same  factor  between 85 and 40 km, then  the 
agreement between theory  and  the X-15 flight data is good." 
The results of Sections 111 and IV revise Burkhead's sky brightness 
downward by roughly a  factor of ten at 75 km. The smaller  value  agrees 
well with Tohmatsu's (1963) more detailed  treatment of the energy 
re-emitted in the fluorescence  process  and  points up the difficulty of 
measuring low intensities in the presence of sunlight. 
111. Ultraviolet Stellar  Photography 
A .  Instrumentation and Operation 
Four  Nikon 35 mm camera  bodies with motor-driven film  transport 
mechanisms were equipped with Suprasil quartz optics  designed  and  built 
by Barnes Engineering Company. The optics  consist of a  lens  system in 
a  barrel mount and  a  field  flattener  located  immediately  above  the 
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focal-plane shutter. The focal length of the  l ens  i s  108 mm. An 
in tederence  f i l t e r  mounted in f ront  of t he  l ens  is the   l imi t ing  
aperture, producing an f/5 system. Eastman 103-0 W f i lm  was used 
on all f l igh t s .  
A gyroscopic  platform  built by Astronautics  Corporation of 
America supported the  four cameras i n  a hatch  behind t h e   p i l o t  ' 8  
compartmnt. The platform was designed t o  provide a constant pointing 
direction within an rms fluctuation of one minute of arc. The camera 
optics were designed t o   t h e  same resolution. Camera aiming depended 
on t h e  p i l o t .  SAL provided aircraflt attitude coordinates, which were 
radioed t o   t h e   p i l o t  immediately before launch. When t h e  p i l o t  achieved 
the  desired a t t i t ude  near  t he  peak of his trajectory, he threw a switch 
t h a t  opened the hatch doors and began a timed sequence of exposures. 
During t h i s  sequence the i n i t i a l   a t t i t u d e  had t o  be maintained wi th in  
about l o p  t o  avoid obscuring the f ie ld  of v i e w  ( i n  the   ro l l   d i rec t ion)  
or hit t ing platform limit stops ( i n  the  p i tch  d i rec t ion) .  The hatch 
doors closed and the  platfonn  re turned  to   the caged position auto- 
matically at the  end of the sequence unless the   pi lot   previously 
overrode the  timer manually. 
Any attempt t o  measure s te l la r   b r igh tness   in   the  aaytime must 
avoid contamination by sunlight scattered within the instruments or from 
t h e i r  supporting structure. The original design of the gyroscopic platform 
and camera support included the X-15 inse l f  as a sun shield. With the  
high peak a l t i tude   an t ic ipa ted   for   the  X+, t h e   p i l o t  would have 
suf f ic ien t  time before re-entry t o  reach star fields far ther   than 
from the  sun. With ship X - E A - 2 ,  which was modified during installation 
of the instrument hatch, FRC limited peak a l t i t u d e   t o  250,OOO feet and 
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d e v i a t i o n s  f r o m  n o r m a l  f l i g h t  a t t i t u d e  t o  +5" i n  p i t c h  and f20" i n  
r o l l .  Even a t  t h e  ear l ies t  permiss ib le   l aunch  times, s u n l i g h t  would 
i l l u m i n a t e  p a r t  o f  t h e  h a t c h .  A s  a r e s u l t  t h e  camera suppor t  had t o  b e  
lowered as much as p o s s i b l e  t o  p r o v i d e  maximum s p a c e  f o r  l i g h t  s h i e l d s  
w i t h i n   t h e   c o n f i n e s   o f   t h e   h a t c h .   F i g u r e  9 shows t h e  t h r e e  l i g h t  s h i e l d s  
used  on  the  f l ights  of  August  1966. The  two l a r g e r   s h i e l d s  are shown 
clamped i n  t h e i r  n o r m a l  p o s i t i o n s  on t h e  u l t r a v i o l e t  l e n s  b a r r e l s .  S i n c e  
the  mod i f i ed  camera  suppor t  l e f t  space  fo r  on ly  two U.V. l e n s e s  w i t h  
t h e i r  s h i e l d s ,  two of  the cameras  were used  wi th  the  s tandard  Nikon lenses 
f o r  p h o t o g r a p h y  i n  t h e  v i s u a l .  The s m a l l e s t  s h i e l d  f i t s  o n e  o f  t h e  
v isua l  cameras .  
B. Data   nd  Resul ts  
Four s t a r s  have  been  ident i f ied  on u l t r a v i o l e t  f i l m s  t a k e n  on 
two f l i g h t s .  
- STAR - SP. - v - DATE LAUNCH TIME  ALTITUDE 
q A u r  B3 V 3.17 
p Aur B5 V 5.09}  1 66 Aug. 3 0845 PDT 248,000 f t .  
"
e Aur G I11 0.05 
F I11 
OC Gem A + A 1.97  1966 Aug. 1 2  1028 PDT 230,000 f t .  
(V i s  the  v i sua l  magn i tude )  
The exposure sequence began approximately 2 minu tes  a f t e r  l aunch  and l a s t e d  
30 seconds. The August 3 f l i g h t  c a r r i e d  two U.V. cameras  and two v i s u a l  
cameras;  for  the August  1 2  f l i g h t  one of  the visual  cameras  was  removed 
to   p rov ide   space   fo r   t he   sky   spec t romete r .  On b o t h  f l i g h t s ,  e s s e n t i a l l y  
i d e n t i c a l  i n t e r f e r e n c e  f i l t e r s  were mounted  on both  cameras.  The f i l t e r s  
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have a peak  t ransmiss ion  of  30 percen t  a t  X2500 and a wid th  a t  h a l f -  
maximum of  approximate ly  500 A. 
O n l y  o n e  f i l m  a p p e a r s  t o  b e  f r e e  o f  s c a t t e r e d  s u n l i g h t .  a A u r ,  
q Aur ,  and p Aur have  been  ident i f ied  on two frames of t h i s  f i l m .  The 
exposure times were 20 seconds  and 5.4 seconds   for   these   f rames .  Two 
frames from the Augus t  12 f l i g h t  show *Gem, bu t  these  f rames  are badly  
l i g h t - s t r u c k .  No s te l lar  images  have  been  found  on  the  visual  f i lms, 
which were a l s o  s t r o n g l y  a f f e c t e d  by s u n l i g h t .  
F igu re   10  shows p a r t   o f   t h e  20 second  frame  of  August 3. Aur is  
t h e  b r i g h t e s t  i m a g e ,  i n  t h e  u p p e r  l e f t .  Near t h e  c e n t e r  i s  p Aur ,  and 
oc Aur i s  ve ry  c lose  to  the  f r ame  edge  a t  t he  bo t tom o f  the  f igu re .  
The images  have a "wishbone" shape indicat ing excursions of  the gyro 
p l a t fo rm up t o  s e v e r a l  m i n u t e s  o f  a r c .  (The w h i t e  s t r e a k s  o n  e i t h e r  
s i d e  of  the  images are ink  marks  on  the  f i lm.) The 5 second  images are 
sma l l e r  and  more  nea r ly  s t r a igh t  l i nes .  
On p r e v i o u s  f l i g h t s ,  t h e  FRC f l i g h t  r e c o r d s  showed t h a t  t h e  p l a t f o r m  
p e r f o r m e d  t o  s p e c i f i c a t i o n s  u n l e s s  t h e  p i l o t  a c c e l e r a t e d  r a p i d l y  i n  r o l l  
or   pi tch  as   he  a t tempted  to   hold  posi t ion.   Maneuvering  violent   enough 
t o  d i s t u r b  t h e  p l a t f o r m  was common a t  z e n i t h  a n g l e s  o f  20°, and i n  
a n t i c i p a t i o n  o f  s u c h  p o i n t i n g s  we d e c i d e d  t o  i n c r e a s e  t h e  g a i n  i n  t h e  
servo  loops.  A s  i t  turned   ou t ,   bo th   Augus t   f l igh ts   were   l aunched   as  
p lanned ,  and  the  p i lo t  acqui red  and  he ld  the  near -zeni th  poin t ings  smooth ly .  
The excur s ions  in  the  images  are a p p a r e n t l y  t h e  resul t  o f  t he  dec reased  
damping i n  t h e  g y r o .  
The U.V. f i l m s  were r e t u r n e d  t o  SAL i n  t h e i r  f l i g h t  c a s s e t t e s  and 
c a l i b r a t e d   t h e r e .  A hydrogen lamp, monochromator,  and  concave  mirror 
were used to  produce a uniform,  col l imated beam a t  t h e  c e n t r a l  w a v e l e n g t h  
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of  the  passband.  The s p e c t r a l  p u r i t y  of t h e  c a l i b r a t i o n  beam was 135 A. 
The i n t e n s i t y  o f  t h e  beam was measured with a p h o t o m u l t i p l i e r  t u b e  t h a t  
was i n  t u r n  compared with a NBS s t anda rd  lamp  and a Penray source 
(Childs ,   1962) .  One o f   t h e  U.V. cameras, comple t e   excep t   fo r  i t s  
i n t e r f e r e n c e  f i l t e r ,  was p l a c e d  i n  t h e  c a l i b r a t i o n  beam and a series o f  
exposures  made a t  d i f f e r e n t  i n t e n s i t y  l e v e l s  a n d  e x p o s u r e  times. The 
t r ansmiss ion  o f  t he  camera  op t i c s  i s  e s s e n t i a l l y  f l a t  a c r o s s  t h e  f i l t e r  
p a s s b a n d .   O n l y   t h e   t r a n s m i s s i o n   c u r v e   o f   t h e   f i l t e r   a n d   v a r i a t i o n   i n  
f i l m  s e n s i t i v i t y  a r e  r e q u i r e d  t o  o b t a i n  a b s o l u t e  s t e l l a r  b r i g h t n e s s ,  
a n d  b o t h  q u a n t i t i e s  were measured. 
Both  the  s te l la r  images  and  ca l ibra t ion  (monochromator  s l i t )  images  
were en la rged  17.6 times on to   med ium-con t ra s t   s l i de   p l a t e s .   Dens i ty  
p r o f i l e s  o f  t h e  e n l a r g e d  s t e l l a r  images were made 0.5 mm a p a r t  w i t h  
a 0 .5  mm ana lyz ing  s l i t .  A l t h o u g h  d i f f e r e n t  p a r t s  o f  t h e  image were 
formed wi th  d i f fe ren t  exposure  times, t h e  t o t a l  e n e r g y  i n  t h e  image  can ' 
b e   d e t e r m i n e d   f r o m   t h e   d e n s i t y   p r o f i l e s   i f   f i l m   r e c i p r o c i t y   h o l d s .   S i n c e  
t h e  c a l i b r a t i o n  i m a g e s  made wi th  exposure  times between 2 seconds  and 18 
seconds  do  not  show any  ev idence  of  rec iproc i ty  fa i lure ,  the  assumpt ion  of  
r e c i p r o c i t y  i n  t h e  s t e l l a r  images is  a reasonable  one.   Another  source o f  
e r r o r  i s  t h e   E b e r h a r d   e f f e c t .  The main  segments  of  the 20' s t e l l a r  images 
have  near ly  the  same wid th  as the  ca l ib ra t ion  images ,  abou t  0 .16  mm. 
Eberha rd  e f f ec t  i s  p r o b a b l y  r e s p o n s i b l e  f o r  d i s c r e p a n c i e s  i n  t h e  5' images, 
which  a re  nar rower .  
Given i n  t h e  t a b l e  on  the  next  page  a re  the  measured  X2500 f i l t e r  
b r i g h t n e s s e s  o f p  and a r e l a t i v e   t o  3 Aur ,  expressed  in  magni tudes ,  the  
d i f f e r e n c e  i n  v i s u a l  m a g n i t u d e  ( o n  t h e  UBV system), and the magnitude 
d i f f e r e n c e  e x p e c t e d  on t h e  b a s i s  o f  r e c e n t  model  a tmosphere calculat ions.  
These  va lues  a re  taken  f rom the  20' frame. 
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AM2500 Av - AM2500 (Model) 
P /  't 2.25 1.9  2.3
a/rl 2.0 -3.1 1.5 
The models used f o r p  and 4 (Strom and Avrett, 1965) are unblanketed 
models  with  effective'   temperatures  of  16000"  and  19000" K. According 
t o  t h e  new t e m p e r a t u r e  s c a l e  o f  Morton  and Adams (1967, i n  p r e s s ) ,  
t he  e f f ec t ive  t empera tu res  o f  b l anke ted  mode l s  fo r  B5V and B3V s t a r s  a r e ,  
resp. ,   15,000"  and  18,000",   but  unblanketed  models  with  1000"  higher 
t e m p e r a t u r e   p r e d i c t   t h e  same v i sua l   and   nea r  U.V.  f luxes .   There   a re  
no mode l s   ava i l ab le   fo r   mAur .  The components   o f   th i s   spec t roscopic  
b i n a r y   a r e   u n c e r t a i n l y   t y p e d   a s  G and F g ian ts   (Frankl in ,   1959) .   For  
purposes of comparison I have l i s t e d  t h e  m a g n i t u d e  d i f f e r e n c e  e x p e c t e d  
i f  t h e  e n e r g y  d i s t r i b u t i o n  i n  a A u r  were t h e  same a s  t h e  s u n ' s .  
Next we  de t e rmine  the  abso lu te  b r igh tness  o f  q A u r  a t  12500.   Figure 
11 shows t h e  m e a s u r e d  r e s p o n s e  c u r v e  o f  t h e  f i l m  p l u s  f i l t e r ,  r e l a t i v e  t o  
t h e   n o - f i l t e r   r e s p o n s e   o f   t h e   c a m e r a   a t  X2500. A l s o   p l o t t e d  i s  t h e  
r e l a t ive  f lux  pe r  un i t  wave leng th  t aken  f rom S t rom and  Avre t t ' s  (1965)  
model w i t h  T e f f .  = 19000" K. Thus t h e  f i l t e r  e f f e c t i v e l y  t r a n s m i t s  
12 .4  pe r  cen t  o f  t he  f lux  of a B3V s t a r  i n  t h e  r e g i o n  2000 - 3400 A. 
The  two a b s o l u t e  d e t e r m i n a t i o n s  o f  t h e  c a l i b r a t i o n  beam i n t e n s i t y  a g r e e d  
t o  30 p e r  c e n t .  
Taking the mean v a l u e  f o r  t h e  beam i n t e n s i t y  g i v e s  a va lue  of  
2.66 x e r g s  cm sec 
-2 -1 
f o r  Aur a s   e e n   t h r o u g h   t h e   f i l t e r ,   o r  
2.14 x e r g s  cm s e c  -2  -1 
i n  t h e  r e g i o n  2000 - 3400 A. Th i s   co r re sponds   t o  a f l u x  o f  
1.60 x lo-' e r g s  c m  sec A a t  12500. -2 -1 -1 
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From t h e  known s o l a r  e n e r g y  d i s t r i b u t i o n , t h e  V magnitudes of  the 
sun and q Gur,  and Strom and Avret t ' s  model  used above,  the predicted 
f l u x  f r o m  5 A u r  a t  t h e  t o p  of the atmosphere i s  
1.32 x 10'' ergs cm sec A - l  a t  12500. -2  -1 
S t e l l a r  f l u x e s  d e r i v e d  f r o m  t h e  5' f rame give a magn i tude  d i f f e rence  
of  2.2  between  and a , i n  good  agreement  with  the 20' frame. However , 
t h e   a b s o l u t e   f l u x e s  are about  25 p e r c e n t   l a r g e r .   B e c a u s e   t h e   s t e l l a r  
images  on t h e  20' f rame more  near ly  dupl ica te  the  ca l ibra t ion  images ,  I 
am i n c l i n e d  t o  g i v e  t h e  20' frame  higher  weight.  The 5' image  of p Aur 
i s  v i s i b l e  o n  t h e  f i l m ,  b u t  t o o  weak t o  s e p a r a t e  a c c u r a t e l y  from the 
sky background. 
I V .  August  1966  Measures  of  the Sky Br igh tness  
Both the 20' and 5' f rames  f rom the  f l igh t  of  Augus t  3 (75 km 
a l t i t u d e )  g i v e  a s k y  b r i g h t n e s s  a t  t h e  z e n i t h  of 
0.034 e r g s  cm-2 sec-' ster- '  
b e f o r e   c o r r e c t i o n   f o r   t h e   f i l t e r   t r a n s m i s s i o n .   I f   t h e   s p e c t r u m  i s  f l a t ,  
' t h i s   c o r r e s p o n d s   t o  
-2 -1 -1 
0.28   e rgs  cm sec s te r  i n   t h e   r e g i o n  2000 - 3400, 
o r  2.0 x e r g s  cm-2 sec-1 s ter  A , 
s u b s t a n t i a l l y  less than  Burkhead ' s  resu l t s .  
-1 - 1  
The A u g u s t  1 2  f l i g h t  c a r r i e d  a scanning spectrometer ,  which was 
d e s i g n e d  t o  f i t  i n t o  t h e  h o l l o w  g i m b a l ,  whose a x i s  p r o j e c t s  v e r t i c a l l y  
through  the   cen ter   o f   the   square   camera   a r ray .   F igure   12  shows t h e  
spec t romete r  w i th  i t s  a s s o c i a t e d  power supp ly ,  ampl i f i e r s ,  and  moto r -  
d r i v e   s w i t c h i n g   r e l a y s .   L i g h t   e n t e r s   t h e   s p e c t r o m e t e r   t h r o u g h   t h e  5 nnn 
h o l e  i n  t h e  c o v e r  p l a t e ,  p a s s e s  t h r o u g h  a s l i t  l o c a t e d  4.5 cm beneath,  
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and i l lumina tes  a concave  mir ror  near  the  bot tom of  the  brass  por t ion  
o f  t he  spec t romete r  cas ing .  The  mi r ro r  s ends  a converging beam t o  a 
p l a n e  d i f f r a c t i o n  g r a t i n g ,  w h i c h  f o r m s  t h e  s p e c t r u m  i n  t h e  s p a c e  a d j a c e n t  
t o  the  mi r ro r .  Accord ing  t o  the   theory   o f   convergent -beam  gra t ings  
(Gi l l ieson ,  1949)  the  spec t rum i s  a s t i g m a t i c  w i t h  a cu rved  foca l  su r f ace .  
The 1200 l i n e / m  g r a t i n g  (made by D i f f r a c t i o n  P r o d u c t s )  is  used here  
a t  normal  d i f f rac t ion  and  produces  a d i s p e r s i o n  o f  84 A / m .  A 12 v o l t  
Globe motor moves a n  RCA C70129C (a minia tur ized  1P21 wi th  a s apph i re  
window) th rough  the  mean foca l  p l ane  and  cove r s  t he  r eg ion  3200  - 2100 A 
i n  7 seconds.  A s m a l l   a l u m i n i z e d   f l a t   a t t a c h e d  as a l i p  t o  t h e  p h o t o t u b e  
de f l ec t s   t he   spec t rum  on to   t he   ca thode .   See   F igu re   13 .   In   t he   r i gh t -hand  
pho tograph  the  pho to tube  and  mi r ro r  f l a t  a r e  seen  r e f l ec t ed  in  the  g ra t ing  
o n   t h e   r i g h t   s i d e   o f   t h e   s p e c t r o m e t e r   c a s i n g .  (The  window of   the   photo-  
tube  i s  covered   wi th   t ape . )  A t  t h e  end   of   each   scan ,   microswi tches   reverse  
t h e  d i r e c t i o n  o f  t h e  s c a n  a n d  s t e p  t h e  i n p u t  i n  t u r n  t o  t h r e e  c u r r e n t  
a m p l i f i e r s .  One a m p l i f i e r  i s  convent ional ,   wi th   an  input   impedance  of  
lo9 ohms. The o t h e r  two a r e  f i e l d - e f f e c t  t r a n s i s t o r  a m p l i f i e r s  w i t h  10 
and lo9 ohms. F i e l d - e f f e c t   t r a n s i s t o r s   o f   t h e   t y p e   u s e d  on the  August 
12 f l i g h t  are v e r y  s e n s i t i v e  t o  e x t e r n a l  f i e l d s ,  and the   10   ampl i f i e r  
f a i l e d  sometime before the hatch opened, when the  scann ing  cyc le  beg ins .  
The l o 9  FET o p e r a t e d  s a t i s f a c t o r i l y  d u r i n g  t h e  f l i g h t  b u t  d i d  n o t  work 
on i t s  r e t u r n  t o  SAL. Poss ib ly   corona   d i scharge   across   the  700 v o l t  
supp ly  to  the  pho to tube  was r e s p o n s i b l e  f o r  a t  l e a s t  o n e  f a i l u r e .  
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P r i o r  t o  August  12,  the spectrometer  was f lown as  a spec t rograph .  
To t h e  r i g h t  i n  b o t h  p h o t o g r a p h s  o f  F i g u r e  13 is  a 35 mn f i l m  h o l d e r  t h a t  
rep laces   the   a luminum  spec t rometer   cap   for   photographic   work .   Wi th   th i s  
h o l d e r  a t t a c h e d ,  h a l f  o f  t h e  f i l m  s t r i p  l ies  beh ind  the  mi r ro r  suppor t  
a n d  c a n  b e  r o t a t e d  i n t o  p o s i t i o n  f o r  a s e c o n d  ( u s u a l l y  c a l i b r a t i o n )  
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exposure  wi th  the  knob.  The f a c t  t h a t  no s k y  s p e c t r a  were ob ta ined  wi th  
the  spec t rograph  g ives  an  upper  l i m i t  t o  t h e  s k y  b r i g h t n e s s  of  approximately 
1.2 x ergs cm s e c   p e r  40 A. 
-2 -1 
The p e a k  a l t i t u d e  of the  August 1 2  f l i g h t  was 70 km. Three  100 A 
r e s o l u t i o n  s c a n s  w i t h  t h e  1 0  FET a m p l i f i e r  show  a s l i g h t  rise i n  t h e  
leve l  between  3200  and  2400,  with  the  peak  near 2900.  The s i g n a l  is b a r e l y  
d e t e c t a b l e ,  b u t  i t  i s  t h e  same  on a l l  t h r e e  s c a n s  a n d  t h e  s p e c t r a l  
9 
shape is n o t  c h a r a c t e r i s t i c  of  s c a t t e r e d  s u n l i g h t .  The i n t e n s i t y   a v e r a g e d  
over  the  800 A reg ion  where  the  s igna l  i s  d e t e c t a b l e  y i e l d s  
- 2  -1 -1 
0.09  ergs cm s e c  ster o r   a b o u t  
1 x e r g s  crn s e c   t e r  A , -2  -1 -1 -1 
which is  abou t  ha l f  of the photographic  measurement  in  half  t h e  wavelength 
i n t e r v a l .  
The  photographic   va lue   o f  0.03 e r g s  cm s e c  s ter  a p p e a r s   t o  be 
- 2  -1 -1 
a  good upper l i m i t  t o  t h e  z e n i t h  b r i g h t n e s s  o f  t h e  d a y t i m e  s k y  a t  75 km 
as  seen  w i t h  t he  r e sponse  cu rve  of  F igure  11. The apparent  magnitude of 
a B3V s t a r  whose br ightness  in  one  square  minute  of a r c  e q u a l s  t h e  s k y  
b r i g h t n e s s ,  when t h i s  r e s p o n s e  i s  u s e d ,  i s  e . 0 .  
Tohmatsu  (1963)  has  computed  the Schumann-Runge dayglow  and  Rayleigh 
s c a t t e r i n g  i n t e g r a t e d  o v e r  t h e  r e g i o n  2000 t o  3000 A.  He p r e d i c t s   a n  
i n t e n s i t y  a t  7 5  km of 
0 .15  ergs  cm-' sec-'  s ter  -1 
For the same i n t e r v a l  and with the Schmann-Runge spectrum of  
F igure  8 ,  t h e  X-15 data  imply a measured  in tens i ty  of  
0.23 e r g s  cm'2 s e c - '   s t e r  , -1 
i n  good agreement with Tohmatsu's model. 
Since i t s  i n c e p t i o n  t h e  X - 1 5  program has cal led on the ta lents  of 
every  member of  the Space Astronomy Laboratory and many people elsewhere.  
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Fi 9- I .  X-15 two-channel  photometer. 
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Fig. 2- Line of sight of X 4 5  photometer 
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and Muldoon 1963) 
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Fig. 5 Projection of the line of sight of the 
X-15 photometer on the sky- Flight of 
January 17, 1963. 
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Fig.6 Projection of the line of sight of the 
X-15 photometer  on  the  sky. Flight 
of August 22, 1963. 
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Fig. 8 Calculated Schumam-Runge emission spectrum. 
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F i  g. 9. Center: complete U.V. camera.  Left; U.V. 
lens barrel  with sun shield.  Right: sun 
shield for visual lens. 
F i g .  IO. Part of  20-second  frame  from  flight 
of Aug. 3 ,  1966. (see  text) 
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Fig. II. Relative  stellar  flux  and 
instrument response. 
F i g.  12. Photoelectric scanning spectrometer 
F i g. 13. Spectrometer  drive  mechanism  with  miniature photo- 
multiplier. Also shown is the  alternate back for 
photographic  spectra. 
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